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,QWURGXFWLRQ
7KH LQWHUDFWLRQRIPXOWLSOH IODZVSOD\VDQ LPSRUWDQW UROH LQ WKHFUDFNLQJEHKDYLRUGXH WRGHJUDGDWLRQRISODQW
FRPSRQHQWV HVSHFLDOO\ LQ WKH FDVHRI VWUHVV FRUURVLRQ FUDFNLQJ 6&& DQG IDWLJXH >@7KH)LWQHVVIRU6HUYLFH
VWDQGDUGV UHTXLUH WKH FKDUDFWHUL]DWLRQRIPXOWLSOH IODZV WR HYDOXDWH VWUXFWXUDO LQWHJULW\ RI WKH IODZHG FRPSRQHQWV
XVLQJIUDFWXUHPHFKDQLFVFRQFHSWV7KHILUVWVWHSLVWRGHWHUPLQHLIWKHPXOWLSOHIODZVOLHRQWKHVDPHFURVVVHFWLRQDO
SODQHWREHFRQVLGHUHGDOLJQHGIODZVRUZKHWKHUWKH\OLHRQSDUDOOHOSODQHVDQGFRQVLGHUHGWREHQRQDOLJQHGSDUDOOHO
IODZV XVLQJ IODZ DOLJQPHQW UXOHV 7KHUH DUH VHYHUDO IODZ DOLJQPHQW UXOHV WKDW FDQ EH FRQVLGHUHG IRU LQVHUYLFH
HYDOXDWLRQVVXFKDVWKRVHIRXQGLQWKH$PHULFDQ6RFLHW\RI0HFKDQLFDO(QJLQHHUV%RLOHUDQG3UHVVXUH9HVVHO&RGH
6HFWLRQ ;, $60( 6HFWLRQ ;, >@ *XLGH WR 0HWKRGV IRU $VVHVVLQJ WKH $FFHSWDELOLW\ RI )ODZV LQ 0HWDOOLF
6WUXFWXUHV >@ (XURSHDQ )LWQHVVIRU6HUYLFH 1HWZRUN ),71(7 >@ $PHULFDQ 3HWUROHXP ,QVWLWXWH $3, 
$60())6>@RU5XOHVRQ)LWQHVVIRU6HUYLFHIRU1XFOHDU3RZHU3ODQW&RPSRQHQWV LQ WKH-DSDQ6RFLHW\RI
0HFKDQLFDO(QJLQHHUV-60(61$>@7KHVHUXOHVGLIIHUIURPHDFKRWKHUDQGVRPHDOLJQPHQWUXOHVPD\
SURYLGHRYHUO\FRQVHUYDWLYHUHVXOWVZKLOHRWKHUVJLYHQRQFRQVHUYDWLYHDVVHVVPHQWV

1RPHQFODWXUH
D KDOIHPEHGGHGLQWHUQDOIODZOHQJWK
D HGJHIODZOHQJWK
+ YHUWLFDOIODZVHSDUDWLRQGLPHQVLRQ
6KRUL]RQWDOIODZVHSDUDWLRQGLPHQVLRQ
XYZ QRGDOGLVSODFHPHQWV
U UDGLDOGLVWDQFH
( <RXQJ¶VPRGXOXV
* 6KHDUPRGXOXV
.I PRGH,6,)
.IS PRGH,6,)GXHWRDWWKHHGJHIODZWLS6
.0 1RUPDOL]LQJ6,)
3 DSSOLHGWHQVLOHORDG

*5((.6<0%2/6
X 3RLVVRQ¶VUDWLR
Vy \LHOGVWUHVV
I SDUDPHWULFDQJOH

,QUHFHQW\HDUVWKHUHKDYHEHHQVRPHLQWHQVLYHVWXGLHVUHJDUGLQJWKHLQWHUDFWLRQRIPXOWLSOHQRQDOLJQHGIODZVLQ
FDVHVRIWZRRIIVHWSDUDOOHOHPEHGGHGIODZVFRQWDLQHGLQDODUJHVWHHOSODWH)RUH[DPSOH.DPD\D>@VWXGLHGWKH
JURZWK HYDOXDWLRQ RIPXOWLSOH LQWHUDFWLQJ VXUIDFH FUDFNV E\ FRPELQDWLRQ RI QXPHULFDOPHWKRGV DQG H[SHULPHQWDO
VWXGLHV +DVHJDZD HW DO >@ VWXGLHG WKH LQWHUDFWLRQ RI WZR SDUDOOHO HPEHGGHG QRQDOLJQHG IODZV IRU )LWQHVVIRU
6HUYLFHEDVHGRQ/()0,QWKHLUPRVWUHFHQWVWXGLHV+DVHJDZDHWDO>@0L\D]DNLHWDO>@DQG6XJDHWDO
>@FRQVLGHUHGSODVWLFFROODSVHEHKDYLRUIRUGLVVLPLODUQRQDOLJQHGIODZV
+RZHYHUQRQHRIWKHDIRUHPHQWLRQHGLQYHVWLJDWLRQVDGGUHVVHGWKHLQWHUDFWLRQRIPXOWLSOHIODZVZKHUHRQHRIWKH
IODZVLVDQHGJHIODZ$UHFHQWVWXG\E\0DHWDO>@DGGUHVVHGWKHLVVXHRIDQHPEHGGHGIODZLQWHUDFWLQJZLWKDQ
HGJHIODZEDVHGRQ'DQDO\VLV,QWHUDFWLRQRIDQHPEHGGHGIODZZLWKDQHGJHIODZZLWKD'FUDFNFRQILJXUDWLRQ
KDVQRWEHHQDGGUHVVHGLQOLWHUDWXUHVRIDU%DVHGRQWKLVREVHUYDWLRQWKHREMHFWLYHRIWKLVVWXG\LVWRLQYHVWLJDWHWKH
LQIOXHQFHRIDQHPEHGGHGIODZRUDQHPEHGGHGVHPLFLUFXODUVXUIDFHFUDFNRQWKHIUDFWXUHEHKDYLRURIDQHGJHIODZ
RUDTXDUWHUFLUFOHHGJHFRUQHUFUDFNLQDQLQILQLWHO\ODUJHVROLG6SHFLILFDOO\WKHVWUHVVLQWHQVLW\IDFWRUV6,)VDORQJ
WKHFUDFNIURQWRI WKHHGJHIODZKDYHEHHQVWXGLHGIRUDZLGHUDQJHRIWKHQRUPDOL]HGJDS+D aDQGWKH
QRUPDOL]HGVHSDUDWLRQGLVWDQFH6D aVHH)LJEHWZHHQFUDFNVRQSDUDOOHOSODQHVEDVHGRQWKHSULQFLSOH
RIOLQHDUHODVWLFIUDFWXUHPHFKDQLFV/()07KHGHVLJQDWLRQVXVHGKHUHDUHWKHVDPHDVWKRVHLQWKHUHFHQWVWXG\E\
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0DHWDO>@,QRUGHUWRVLPSOLI\WKHDQDO\VLVDQGPDNHWKHUHVXOWVFRPSDUDEOHZLWKWKHSUHYLRXV'UHVXOWVRQO\
DFLUFXODUFUDFNFRQILJXUDWLRQLVFRQVLGHUHGLQWKLVVWXG\,QRWKHUZRUGVWKH'FUDFNVL]HGHQRWHGDVDEHFRPHV
WKHUDGLXVRIWKH'VHPLFLUFXODUHPEHGGHGFUDFN$QGWKHHGJHFUDFNVL]HGHQRWHGDVDEHFRPHVWKHUDGLXVRI
WKH ' TXDUWHUFLUFOH FUDFN DW WKH HGJH FRUQHU 7KH DQDO\VLV UHVXOWV VKRZ WKDW WKH ' 6,)V H[KLELW D GLVWLQFW
LQWHUDFWLRQEHKDYLRUZLWKWKH'DQDO\VLVUHVXOWV$WWKHVDPHWLPHWKH'6,)VDUHLQJHQHUDOIRXQGPXFKORZHULQ
PDJQLWXGH WKDQ WKHLU ' FRXQWHUSDUWV7KH FRQFOXVLRQV GUDZQKRZHYHU DUH VLPLODU WR WKRVH RI WKH ' DQDO\VLV
7KDWLVFHUWDLQH[LVWLQJVWDQGDUGVFULWHULDSURYLGHUHVXOWVWKDWDUHPXFKPRUHFRQVHUYDWLYHWKDQRWKHUVZKLOHFHUWDLQ
RQHVGRQRWSURYLGHDGHTXDWHLQIRUPDWLRQIRUDSSOLFDWLRQ
6ROLG0RGHOLQJ
)LJXUHGHSLFWVDQLQILQLWHO\ORQJSODWHRUVROLGFRQWDLQLQJDTXDUWHUFLUFOHHGJHFRUQHUFUDFNRIUDGLXVDDQGDQ
HPEHGGHGVHPLFLUFXODUVXUIDFHFUDFNRIUDGLXVDXVHGIRUWKLVVWXG\7KHSODWHLVDVVXPHGWREHPDGHRIVWHHOZLWK
<RXQJ¶VPRGXOXV(=*3D3RLVVRQ¶VUDWLRX=0.3DQG\LHOGVWUHVVVy=03D7KHUHPRWHWHQVLOHORDGLVWDNHQ
DVp = N3D7KHUHPRWHWHQVLOH ORDGLVDSSOLHGRQWRWKHWRSVXUIDFHRI WKHSODWHZKLOH WKHERWWRPVXUIDFHRI WKH
SODWHLVIL[HG


)LJ$QLQILQLWHO\ORQJSODWHKDYLQJWZRQRQDOLJQHGIODZV
QDPHO\DQHGJHFUDFNLQWHUDFWLQJZLWKDQHPEHGGHGFUDFN
,GHQWLFDOSDUDPHWULFQRWDWLRQVDUHXVHGDVLQ>@
)RUDOOFDVHVWKHSODWHLVFRQVLGHUHGHODVWLFDQGLQILQLWHO\ORQJLQVL]H7KHZLGWKRIWKHSODWHLV:DQGLWVGHSWK'
QRWVKRZQRQWKHJUDSK7KHIODZVSODQHVDUHDOZD\VDVVXPHGWREHSHUSHQGLFXODUWRWKHORDGDSSOLHG7KHIODZ
VHSDUDWLRQGLVWDQFHLV6SDUDOOHO WRWKHIODZVXUIDFHVDQGWKHJDSEHWZHHQWKHIODZVLV+SHUSHQGLFXODUWRWKHIODZ
VXUIDFHV7KHSODWHLVDVVXPHG³LQILQLWH´LQDOOGLPHQVLRQVUHODWLYHWRWKHFUDFNV¶VL]H
)LQLWH(OHPHQW,GHDOL]DWLRQ
7KHPRGHOLVVROYHGXVLQJWKHVWDQGDUG)(FRGH$16<6>@$JOREDOPHVKRIWKHHQWLUHSODWHVKRZQLQ)LJ
DLVJHQHUDWHGXVLQJQRGHWHWUDKHGURQHOHPHQWV62/,'7KHQRGHWHWUDKHGURQHOHPHQWKDVDTXDGUDWLF
GLVSODFHPHQWEHKDYLRU DQG LVZHOO VXLWHG WRPRGHO LUUHJXODUPHVKHV VSHFLILFDOO\ IRU DSODWHZLWK DQ HGJH DQG DQ
LQWHUQDOO\HPEHGGHGIODZV7KHHOHPHQWVDUHYDULHGLQVL]HVPDOOQHDUWKHIODZUHJLRQDQGJUDGXDOO\LQFUHDVHGZKHQ
PRYLQJDZD\IURPLWDVVKRZQLQ)LJE,QWKHFUDFNYLFLQLW\DVPDOOYROXPHZDVFUHDWHGWRHQFRPSDVVWKHWZR
LQWHUDFWLQJFUDFNV%\FUHDWLQJWKLVVPDOOYROXPHLWEHFRPHVPXFKHDVLHUWRFRQWUROWKHPHVKTXDOLW\DORQJWKHFUDFN
IURQWV DQG WKH YLFLQLW\ RI WKH FUDFNV $W WKH VDPH WLPH LW DOVR KHOSV WR UHGXFH WKH WRWDO '2)V QHHGHG DQG WKXV
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LQFUHDVHWKHDFFXUDF\RIUHVXOWV
7KH6,)VDUHVROYHGXVLQJWKHVXEPRGHOLQJWHFKQLTXHDGRSWHGLQWKHSUHYLRXVZRUNE\0D>@DQG/HY\HW
DO>@)LJXUHVFGHSLFWVDWRURLGOLNHVXEPRGHORIDIXOOFUDFNPRGHOZLWKDTXDUWHUFLUFOHFUDFNFRQILJXUDWLRQ
*HQHUDOO\ VSHDNLQJ WKH VXEPRGHO LV FRQVWUXFWHG E\ QRGH LVRSDUDPHWULF VROLG EULFN HOHPHQWV 62/,' DQG
PDGHRIWKUHHOD\HUVFRQWDLQLQJWKHWZRFUDFNVXUIDFHVZKLFKDUHFUHDWHGZLWKDVPDOORSHQLQJIURPWKHGHHSHVWOLQH
RI WKH FUDFN VXUIDFH >@ 7KH ILUVW OD\HU RI HOHPHQWV FRQVLVWV RI  QRGH LVRSDUDPHWULF HOHPHQWV WKDW DUH
FROODSVHG WR IRUP WKH ZHGJHV WR DFFRPPRGDWH WKH VLQJXODULW\ DW WKH FUDFN IURQW 2Q WRS RI WKLV OD\HU DUH WZR
DGGLWLRQDOOD\HUVFRQVLVWLQJRIQRGHLVRSDUDPHWULFHOHPHQWV7KHVXEPRGHOFRQVLVWVRIDWRWDORIGHJUHHVRI
IUHHGRPHQDEOLQJWKHDFFXUDWHHYDOXDWLRQRIWKH6,)GLVWULEXWLRQDORQJWKHFUDFNIURQWDWLQWHUYDOVRIGHJIURPIRU
I WRGHJ7KHUDGLDOOHQJWKRIWKHVXEPRGHOLVa2IRUWKHTXDUWHUFLUFOHFUDFN


D$W\SLFDOJOREDOPHVKE$W\SLFDOPHVKLQWKHYLFLQLW\RIWKHIODZV

F7KHWRURLGOLNHVXEPRGHOLQJ
)LJ7KH)LQLWH(OHPHQW0RGHOD$W\SLFDOJOREDOPHVKE$W\SLFDOPHVKLQWKHYLFLQLW\RIWKH
IODZVF7KHVXEPRGHOVKRZLQJWKHWRURLGOLNHILQLWHHOHPHQWPHVK
1292   Q. Ma et al. /  Procedia Engineering  130 ( 2015 )  1288 – 1297 
)LJ$W\SLFDOFRQWRXUSORWRIYRQ0LVHVVWUHVVLQWKHYLFLQLW\RIWKHIODZV
&RQYHUJHQFHWHVWVZHUHSHUIRUPHGXVLQJWKHVWUHVVLQWHQVLW\IDFWRUDVWKHFRQYHUJHQFHFULWHULRQ,QEULHIEDVHGRQ
WKHWULDODQGHUURUPHWKRGRORJ\LWLVDQWLFLSDWHGIRUPRVWFDVHVWKDWWKHOHYHORIHUURUZDVDSSUR[LPDWHO\OHVVWKDQ
IRUPHVKHVKDYLQJPRUHWKDQ'2)VDERXWKDOIRIWKHPEHLQJDVVLJQHGWRWKHVPDOOYROXPH7\SLFDOPHVKHV
IRU WKH FRDUVH PRGHO LQFOXGHG DERXW  HOHPHQWV ZLWK DSSUR[LPDWHO\  QRGHV 7KH RSWLRQ ZKHUH WKH
VRIWZDUHDXWRPDWLFDOO\DGMXVWHGHOHPHQWVKDSHVDQGDVSHFWUDWLRVIRUDOOPHVKHVZDVDOZD\VFKRVHQ$W\SLFDOVWUHVV
FRQWRXULVJLYHQLQ)LJWRGHPRQVWUDWHWKHLQWHUDFWLRQEHKDYLRUEHWZHHQWKHWZR'IODZV
 5HVXOWVDQG'LVFXVVLRQV
7KHLQWHUDFWLRQEHKDYLRURIDFRUQHUFUDFNZLWKDQHPEHGGHGVXUIDFHFUDFNGHSHQGVRQPXOWLSOHIDFWRUVLQFOXGLQJ
WKH QRUPDOL]HG KRUL]RQWDO VHSDUDWLRQ GLVWDQFH EHWZHHQ WKH WZR FUDFNV 6D WKH QRUPDOL]HG YHUWLFDO VHSDUDWLRQ
GLVWDQFH+DDQG WKH UHODWLYHFUDFNVL]HDD6LQFHRQO\FLUFXODUW\SHFUDFNFRQILJXUDWLRQVDUH WKH IRFXVRI WKLV
VWXG\FUDFNVKDSHHIIHFWZLOOEHGLVFXVVHGHOVHZKHUH
4.1. The Effects of Flaw Spacing for Similar Flaw Sizes 
,QRUGHUWRPDNHWKHLQYHVWLJDWLRQOHVVFRPSOLFDWHGRXUILUVWIRFXVLVRQFDVHVZLWKVLPLODUIODZVL]HVLHD D
$V DQ H[WUHPH ZKHQ WKH VL]H RI WKH HGJH FUDFN LV WKH VDPH DV WKH VL]H RI WKH HPEHGGHG FUDFN WKH LQWHUDFWLRQ
EHKDYLRULVVROHO\LQIOXHQFHGE\UHODWLYHVHSDUDWLRQDORQH
)LJXUHGHSLFWVWKHQRUPDOL]HG6,)GLVWULEXWLRQDORQJWKHFUDFNIURQWIRUDTXDUWHUFLUFOHFRUQHUFUDFND PP
LQWHUDFWLQJZLWKDQHPEHGGHGVHPLFLUFXODUFUDFND PPLQDQLQILQLWHO\ODUJH SODWHXQGHUWHQVLRQ7KHYHUWLFDO
VHSDUDWLRQ GLVWDQFH LV FRQVWDQW +D    DQG WKH UHODWLYH IODZ VL]H LV D D   7KH 6(& FXUYH UHSUHVHQWV WKH
QXPHULFDOVROXWLRQIRUDVLQJOH HGJHFUDFN6(&&OHDUO\WKLV 6(&FXUYHSURYLGHVDERXQGIRUWKH6,)VZKHQDQ
HGJHFUDFNLQWHUDFWVZLWKDQHPEHGGHGRQH
7KHUHVXOWVSUHVHQWHGDUHIRUWKH FDVHRIDIL[HGYHUWLFDOVHSDUDWLRQGLVWDQFHEHWZHHQWKHWZRFUDFNVVXFKWKDW+D
 ZKLFKLVWKHVPDOOHVWYHUWLFDOVHSDUDWLRQGLVWDQFHVWXGLHGIRUWKHFDVHRIWZRSDUDOOHOFUDFNVWKDWDUHLGHQWLFDO
LQFUDFNVL]H7KHQRUPDOL]HGKRUL]RQWDOVHSDUDWLRQGLVWDQFHLV 6D  a)RUDQ\JLYHQYDOXHRIWKHKRUL]RQWDO
VHSDUDWLRQ GLVWDQFH 6D 6,)V LQFUHDVH DORQJ WKH FUDFN IURQW DV I LQFUHDVHVZLWK DPD[LPXP QRUPDOL]HG 6,) DW
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I q )RU DQ\ SRLQW DORQJ WKH FUDFN IURQW WKH VPDOOHU WKH QRUPDOL]HG VHSDUDWLRQ VSDFH 6D WKH ODUJHU WKH 6,)
PDJQLWXGH1RWHKHUHWKDWQHJDWLYH6DPHDQVWKHSDUDOOHOIODZVRYHUODS,WLVFOHDUWKDWWKH6(&FXUYHSURYLGHVWKH
ORZHUERXQGIRUWKLVFDVH


)LJ7KHQRUPDOL]HG6,)GLVWULEXWLRQDORQJWKHFUDFNIURQWIRUDTXDUWHUFLUFOHHGJHFRUQHU
FUDFNLQWHUDFWLQJZLWKDQHPEHGGHGVHPLFLUFXODUFUDFNLQDQLQILQLWHO\ODUJHVROLGXQGHUWHQVLRQ
IRU+D D PPD PP1HJDWLYH6DUHSUHVHQWVRYHUODSSLQJSDUDOOHOIODZV
7KH LQWHUDFWLRQEHKDYLRURI WKHPD[LPXP6,)V LVRIJUHDW LQWHUHVW LQ WKLVVWXG\)LJXUHVKRZV WKHPD[LPXP
QRUPDOL]HG6,)VYHUVXV WKHQRUPDOL]HGKRUL]RQWDO VHSDUDWLRQ VSDFH6D DV D IXQFWLRQRI+D IRU DTXDUWHUFLUFOH
HGJHFRUQHUFUDFNLQWHUDFWLQJZLWKDQHPEHGGHGVHPLFLUFXODUFUDFNLQDQLQILQLWHO\ODUJHVROLG7KHUHODWLYHFUDFN
VL]HRIWKHWZRLQWHUDFWLQJFUDFNVLVDD  
:H VHH WKDW WKH QRUPDOL]HGPD[LPXP 6,)V .,PD[. GHFUHDVH DV WKH HPEHGGHG IODZPRYHV DZD\ IURP WKH
VXUIDFH IODZ LH ZKHQ +D LQFUHDVHV )RU H[DPSOH IRU WKH FDVH RI +a2  WKH QRUPDOL]HG PD[LPXP 6,)V
GHFUHDVH ZLWK WKH LQFUHDVH RI WKH KRUL]RQWDO VHSDUDWLRQ VSDFH 6a2 VLJQLILFDQWO\ DQG PRQRWRQLFDOO\ IURP WKH
RYHUODSSLQJ UDQJH VWDUWLQJ DW 6a2   7KLV GHFUHDVLQJ WUHQG RI WKH PD[LPXP 6,)V FRQWLQXHV XQWLO LW UHDFKHV
DSSUR[LPDWHO\WKHYDOXHRIWKHPD[LPXP6(& 6,)YDOXHDW6a2t7KDWLVWRVD\DVWKHHPEHGGHGIODZPRYHV
DZD\IURPWKHHGJHIODZE\DODUJHUGLVWDQFHRI6D!WKHHGJHIODZZLOOQRORQJHU³IHHO´WKHLQIOXHQFHRIWKH
SUHVHQFHRIWKHHPEHGGHGIODZ,QWKLVFDVHWKHHPEHGGHGIODZFDQEHWUHDWHGDVDVHSDUDWHIODZLQWKHILWQHVVIRU
VHUYLFHFRQVLGHUDWLRQV7KLVREVHUYDWLRQLVLGHQWLFDOWRZKDWLVVHHQIURPWKH'DQDO\VLV>@
+RZHYHUWKHUHLVDVLJQLILFDQWGLIIHUHQFHEHWZHHQWKH'DQG'FUDFNLQWHUDFWLRQEHKDYLRUVZKHQFRQVLGHULQJ
WKHRYHUDOO WUHQGRI WKHPD[LPXP'6,)VYDU\LQJZLWKWKHVHSDUDWLRQVSDFH6a2DQGFRPSDULQJLWZLWKWKH'
DQDO\VLV E\+DVHJDZD HW DO >@ DQG0D HW DO >@  ,Q FDVH RI ' IRU HDFK FDVH RI D IL[HG YDOXH RI+D WKH
QRUPDOL]HG6,).,6.VWDUWVWRGHFUHDVHDIWHULWUHDFKHVLWVSHDNYDOXHDWFHUWDLQQRUPDOL]HGKRUL]RQWDOGLVWDQFH6D
$QGWKHSHDNYDOXHLVQRWQHFHVVDULO\DOZD\VDW6D 7KLVW\SHRI'LQWHUDFWLRQEHKDYLRULVQRWREVHUYHGIURP
WKHSUHVHQW'DQDO\VLV,QRWKHUZRUGVWKHLQWHUDFWLRQEHKDYLRUIURPWKH'DQDO\VLVVKRZVDOPRVWH[FOXVLYHO\D
GHFUHDVLQJWUHQGZLWKWKHLQFUHDVHRIWKHKRUL]RQWDOVHSDUDWLRQVSDFH6D
,Q WKH PHDQWLPH ZH DOVR REVHUYH )LJ  WKH VLJQLILFDQW LQIOXHQFH RI WKH UHODWLYH VHSDUDWLRQ GLVWDQFH LQ WKH
YHUWLFDOGLUHFWLRQ+DRQWKHPD[LPXP6,)V:LWKWKHLQFUHDVHRIWKHUHODWLYHYHUWLFDOVHSDUDWLRQGLVWDQFH+DIRU
WKHFDVHRI D PPDQGD PPZKHQ+Dt WKHPD[LPXP6,)VDSSURDFK WR WKHPD[LPXP6(&6,)





         
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YDOXH7KDW LV WR VD\ WKHPD[LPXP6,)VEHFRPH LQVHQVLWLYH WR WKHYDULDWLRQRI WKH UHODWLYHKRUL]RQWDO VHSDUDWLRQ
VSDFH6DRQFHWKH+D LVVXIILFLHQWO\ ODUJH,I WKLVRFFXUV WKHUHZRXOGEHQRLQWHUDFWLRQEHWZHHQWKHHPEHGGHG
IODZDQGWKHFUDFNLQWKHILWQHVVIRUVHUYLFHFRQVLGHUDWLRQV


)LJ7KHPD[LPXPQRUPDOL]HG6,)VYV6DDVDIXQFWLRQRI+DIRUDTXDUWHU
FLUFOHHGJHFRUQHUFUDFNLQWHUDFWLQJZLWKDQHPEHGGHGVHPLFLUFXODUFUDFNLQDQ
LQILQLWHO\ODUJHVROLGXQGHUWHQVLRQD PPD PP
7KHWHQGHQF\RILQWHUDFWLRQEHWZHHQDQHGJHFRUQHUTXDUWHUFLUFOHFUDFNDQGDQHPEHGGHGVHPLFLUFXODUVXUIDFH
FUDFNFDQEHGHPRQVWUDWHGIRUFDVHVZLWKVLPLODUIODZVL]HFRPELQDWLRQV+RZHYHU WKHVLJQLILFDQFHRILQWHUDFWLRQ
GXH WRYDULRXV FRPELQDWLRQVRI IODZ VL]H DQG VHSDUDWLRQSDUDPHWHUVGRHVYDU\ WUHPHQGRXVO\ZKLFK LQGLFDWHV WKH
LQWHUDFWLRQRIIODZVLVLQIOXHQFHGE\WKHPXOWLSOHSDUDPHWHUVPHQWLRQHGSUHYLRXVO\$QGWKHDOLJQPHQWUXOHVVKRXOG
UHIOHFWWKLVDVSHFWLQRUGHUWRFDSWXUHWKHPXOWLIDFHWHGSDUDPHWULFHIIHFWV


)LJ7KHPD[LPXPQRUPDOL]HG6,)VYV6DDVDIXQFWLRQRI+DIRUDTXDUWHU
FLUFOHHGJHFRUQHUFUDFNLQWHUDFWLQJZLWKDQHPEHGGHGVHPLFLUFXODUFUDFNLQDQ
LQILQLWHO\ODUJHVROLGXQGHUWHQVLRQD PPD PP
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)LJXUHGHPRQVWUDWHVWKHLQWHUDFWLRQRIWKHHPEHGGHGVHPLFLUFXODUVXUIDFHFUDFNWRZDUGVWKHTXDUWHUFLUFOHHGJH
FRUQHUFUDFNZKHQWKHOHQJWKRIWKHHGJHFUDFNLVWDNHQDVD PPEXWWKHHPEHGGHGFUDFNVL]HLVWDNHQDVD 
PP7KLVFDVHLVPXFKVPDOOHUWKDQWKHSUHYLRXVFDVHVKRZQLQ)LJ,QWKLVFDVHWKHUHODWLYHFUDFNVL]HLVDD 
&RQVLGHULQJDVLPLODUUDQJHRIYHUWLFDOVHSDUDWLRQIRU+D ZHVHHWKDWWKHPDJQLWXGHRIWKHPD[YDOXH
RIWKHQRUPDOL]HG6,)VKDVGURSSHGIURPaWRaIRUWKHFDVHRI+D DW6D LQ)LJDQG+D
 DW6D LQ)LJ$WWKHVDPHWLPHZHVHHDPXFKVPDOOHULQWHUDFWLRQUDQJHZKHQFRPSDULQJUHVXOWVLQ)LJ
WRWKRVHLQ)LJ)RUH[DPSOH+D FDVHKDVDQLQWHUDFWLRQUDQJHEHWZHHQDQGLQ)LJZKHUHDVLW
LVIURPWRLQ)LJ7KDWLVWRVD\LIWKHYHUWLFDOVHSDUDWLRQGLVWDQFHLVNHSWWKHVDPHDQGWKHUHODWLYHVL]HRI
WKHHPEHGGHGIODZDDEHFRPHVVPDOOHU LWV LQIOXHQFHRQ WKHPD[LPXP6,)VDORQJ WKHHGJHFUDFNIURQWGLHVRXW
TXLFNHU
4.2. The Effects of Flaw Spacing for Short Embedded Flaws 
)LJXUH  GHPRQVWUDWHV WKH LQWHUDFWLRQ EHKDYLRU RI WKH WZR FUDFNV ZKHQ WKH HPEHGGHG VHPLFLUFXODU FUDFN LV
VLJQLILFDQWO\ VPDOOHU WKDQ WKH TXDUWHUFLUFOH HGJH FRUQHU FUDFN ,Q WKLV FDVH WKH UHODWLYH FUDFN VL]H LV DD  
$JDLQ FRQVLGHULQJ D VLPLODU UDQJHRIYHUWLFDO VHSDUDWLRQ IRU+D ZH VHH WKDW WKHPDJQLWXGHRI WKHPD[
YDOXHRIWKHQRUPDOL]HG6,)VKDVGURSSHGIURPaIRUWKHFDVHRI+D DW6D LQ)LJWRaIRUWKH
FDVHRI+D DW6D LQ)LJ$WWKHVDPHWLPHZHVHHDPXFKVPDOOHULQWHUDFWLRQUDQJHLVSUHVHQWHGLQ
)LJIRU6D WRLQVWHDGRI6D WRLQ)LJIRUWKHVDPHYDOXHRI+D 7KHUHVXOWVSUHVHQWHG
LQ)LJDUHDSSDUHQWO\VLPLODUWRWKRVHLQ)LJ7KLVLQGLFDWHVWKHLQIOXHQFHRIWKHUHODWLYHFUDFNVL]HRIDDRQWKH
LQWHUDFWLRQEHKDYLRURI WKH WZRSDUDOOHO FUDFNV LV VLJQLILFDQW:HDOVRQRWH WKDW WKHGLIIHUHQFHV LQ.,PD[.YDOXHV
EHWZHHQWKHGLIIHUHQWYDOXHVRI+DEHFRPHPXFKVPDOOHUZKHQDDEHFRPHVPDOOHUIRUFRQVWDQW6D


)LJ7KHPD[LPXPQRUPDOL]HG6,)VYV6DDVDIXQFWLRQRI+DIRUDTXDUWHU
FLUFOHFRUQHUFUDFNLQWHUDFWLQJZLWKDQHPEHGGHGVHPLFLUFXODUFUDFNLQDQ
LQILQLWHO\ODUJHVROLGXQGHUWHQVLRQD PPD PP
4.3. The Influence of Flaw Alignment Rules 
)LJXUHVKRZVWKHVDPH'UHVXOWVRI)LJEXWZLWKWKHFULWHULDLQFOXGHGIURPWZRGLIIHUHQW)LWQHVVLQ6HUYLFH
VRXUFHV>@7KHWKLFNGDVKHGFXUYHLOOXVWUDWHVWKHHIIHFWRIWKH%ULWLVK6WDQGDUGVIODZDOLJQPHQWUXOHV%ULW6>@
ZKLOHWKHGRWWHGGDVKHGFXUYHLOOXVWUDWHVWKHHIIHFWRIWKHIODZDOLJQPHQWUXOHVLPSRVHGE\),71(7>@
'XHWRWKH%ULW6WKHFULWHULRQLVJLYHQDV
 aaS d   
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
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ZKHUH6LVWKHGLVWDQFHFRQQHFWLQJWKHFUDFNWLSRIWKHHGJHIODZDQGWKHWLSRIWKHHPEHGGHGFUDFNFORVHVWWRWKH
IODZ
%\WKH),71(7WKHFULWHULRQLVJLYHQDV
  PLQ aaH d   
7KH%ULW6DSSDUHQWO\FRQVLGHUVWKHHIIHFWRIVHSDUDWLRQSDUDPHWHUVRIERWKUHODWLYHYHUWLFDOGLVWDQFH+DDQGWKH
UHODWLYHKRUL]RQWDOGLVWDQFH6DDVZHOODVWKHUHODWLYHIODZVL]HDDLQDQLPSOLFLWPDQQHU7KHGDVKHGFXUYHZDV
REWDLQHGFRQVLGHULQJWKHIROORZLQJUHODWLRQVKLSIURPWKHFULWHULRQE\






 ¸¸¹
·
¨¨©
§
¸¸¹
·
¨¨©
§
d
a
S
a
a
a
H   
7KHUHIRUHEDVHGRQWKH%ULW6HDFKSRLQWRQWKHWKLFNGDVKHGFXUYHFRUUHVSRQGVWRDGLIIHUHQWYDOXHRIYHUWLFDO
VHSDUDWLRQGLVWDQFH+D7KHFULWHULRQUHIOHFWVWKHLQIOXHQFHRIDOOWKHUHODWLYHSDUDPHWHUVRI6D+DDQGDD



)LJ1RUPDOL]HG6,)VYV6DDVDIXQFWLRQRI+DIRUHGJHHPEHGGHGIODZV
D PPD PPZLWK),71(7VWDQGDUGDQG%ULW6VWDQGDUG
%XW WKH ),71(7 GRHV QRW LQFOXGH DQ\ HIIHFW IURP WKH KRUL]RQWDO VHSDUDWLRQ GLPHQVLRQ 6D ZKLFK LV DQ
LPSRUWDQW SDUDPHWHU WKDW LQIOXHQFHV WKH6,) YDOXHV ,Q IDFW IRU WKH FDVH SUHVHQWHG LQ )LJ  WKHPLQ D D LV
D PPDQGWKXV+D 7KXVWKHWKLFNGRWWHGGDVKHGFXUYHZDVREWDLQHGXQGHUDFRQVWDQWUHODWLYHVHSDUDWLRQ
GLVWDQFH+DLQWKHVDPHPDQQHUDVWKDWIRURWKHUFDVHVXQGHUFRQVWDQW+DYDOXHV
7KHWZRFULWHULDDSSDUHQWO\SURYLGHYHU\GLIIHUHQWVFHQDULRVIRUWKHMXGJPHQWRIDOLJQPHQWYVQRQDOLJQPHQWIRU
WZRSDUDOOHORIIVHWIODZVZKLFKLVWKHVDPHDVREVHUYHGIURPWKHUHFHQW'DQDO\VLVUHVXOWV>@)RUFHUWDLQIODZ
VHSDUDWLRQFRQGLWLRQVRQHFULWHULDPD\FRQVLGHUWKHVDPHWZRIODZVRQSDUDOOHOSODQHVWRDFWDVRQHZKLOHWKHRWKHU
FULWHULDZLOOVXJJHVWWKDWWKHIODZVVKRXOGEHFRQVLGHUHGDVVHSDUDWHRQHV7KHFULWLFDOYDOXHVIURPWKH%ULW6DQGWKH
),71(7UXOHVDVGHPRQVWUDWHGLQ)LJFOHDUO\VKRZWKDW WKH),71(7ZLOOSURYLGHDPXFKKLJKHUEDUULHUIRU WKH
IODZVWREHMXGJHGDVDOLJQHGRQHV7KXVWKH),71(7LVDPXFKPRUHFRQVHUYDWLYHUXOH$WWKHVDPHWLPHWKH%ULW6
SURYLGHV PXFK ORZHU FULWLFDO YDOXHV RI WKH 6,)V ,W WKXV SURYLGHV QRQFRQVHUYDWLYH UHVXOWV LQ ILWQHVVIRUVHUYLFH
DSSOLFDWLRQV7KHUHVXOWVIURPRWKHUVWDQGDUGV>@WKRXJKQRWSUHVHQWHGLQWKLVSDSHUDUHSHUFHLYHGWREHDUWKH
VDPHEHKDYLRULQWKHVDPHPDQQHUDVGLVFXVVHGKHUH
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